Aim-To study the epidemiology of childhood tuberculosis (TB) in a developing country. Setting-Two urban communities of Cape Town, South Africa with a TB case notification rate of 1149/100 000. Design-Retrospective descriptive study using the national population census (1991), 10 year oYcial TB notification records, and a geographical information system. Results-The case notification rate of TB in children 0-5 years old was 3588 cases/ 100 000 children aged 0-5 years, 3.5 times the case notification rate in adults. Children (0-14 years) accounted for 39% of the total case load. Childhood TB case notification rate correlated with parental education (r = −0.64), annual household income (r = −0.6), and crowding (r = 0.32). Conclusion-Children, especially those living in poor socioeconomic conditions, form an important epidemiological group and account for a notable proportion of the morbidity caused by TB. EVorts to improve TB control must therefore not only target adults (case detection and cure of infectious cases) but also children (screening of child contacts of adult cases) and the socioeconomic living conditions. (Arch Dis Child 1999;80:433-437) 
Interest in tuberculosis (TB) has been reawakened worldwide by its global resurgence since the mid-1980s. The largest burden of TB lies in low income countries. However, the only data on the increase of childhood TB have been reported in the US, where there was a 39% increase in cases between 1987 and 1990. 1 Nevertheless, the interest in childhood TB remains limited. Childhood TB is often regarded as unimportant in the epidemiology of TB because > 95% of children with TB are sputum smear negative and therefore do not contribute to the immediate spread of the disease. Childhood TB, however, is a marker for ongoing transmission of infection within a community and infected children represent the pool from which a large proportion of future cases of adult TB will arise. Furthermore, TB is an important cause of morbidity and mortality in children. The World Health Organisation estimated that 1.3 million cases of TB and 450 000 deaths from TB occur annually among children in developing countries. 4 Historically, the highest mortality from TB ever reported was in children aged 0-4 years in the middle of the 19th century in Wales-600 deaths/100 000 children. 5 The youngest children carry the biggest burden for three main reasons: firstly, they are more prone to develop severe extrapulmonary TB disease (such as meningitis and miliary TB); secondly, they tend to develop severe pulmonary disease with bronchial obstruction; and thirdly, young children are more likely to develop disease after being infected. The risk of developing disease after infection with Mycobacterium tuberculosis has been estimated to be 5-10% in adults, 15% in adolescents, 24% in children 1-5 years old, and 43% in infants < 1 year old. 6 It is diYcult to establish an exact picture of the incidence of TB in children. This is because the diagnosis is much less accurate than in adults and depends on a combination of clinical features (including tuberculin skin test and chest radiography) and contact history with an adult index case. 5 7 More than 50% of childhood TB cases are asymptomatic and thus the majority will not be diagnosed in developing countries because of the lack of radiographic facilities. Therefore, the International Union Against Tuberculosis and Lung Disease has stated that reliable information on the incidence of TB in childhood can be obtained only in developed countries. 5 For this study we selected an area with a population living in conditions typical of a developing country, with one of the highest reported TB case notification rates in the world but with access to a relatively sophisticated medical infrastructure.
The aims of the study were to gain data on the burden of childhood TB in a community of a developing country and to examine the risk factors of childhood TB in such a community.
Methods
The study area consists of two communities of Cape Town, South Africa with a total surface area of 2.42 km 2 and a population of 34 294, of which 99.7% are coloured. A primary health care clinic and an adjacent tertiary hospital serve the area. The TB case notification rate in these two suburbs is reported as more than 1000/100 000, 8 the birth rate is 29.3/1000 population, and the infant mortality rate is 38/1000 live births. During the study period (1985 to 1994) the HIV prevalence was low. In 1991, only 0.37% of pregnant women living in the Western Cape province who were screened anonymously were seropositive for HIV. 9 The national TB programme during the study period required the notification of all new cases of active TB and treatment (six months' isoniazid, rifampicin, and pyrazinamide) under supervision at the local health authority clinic. All adult household members and children under 5 years in contact with an index case were requested to visit the clinic to be screened for TB. Since 1972 BCG vaccination in the neonatal period was compulsory and the BCG coverage in the area is greater than 97%.
Ten year oYcial notification records (1985 to 1994) provided the name, address, age, and type of TB of each notified case. All duplicate notifications, previously treated patients, and children reported as "tuberculin skin test positive only" were eliminated to avoid the inaccuracies of a notification system. 10 This allowed us to create a dataset consisting of only new cases. The home addresses of these individual patients were geographically mapped by using a computer based geographical information system.
The 1991 population census data divide the two suburbs into 39 enumerator subdistricts (ESD) with an average population of 900 people (minimum 627 and maximum 1267). The census report provided us for each ESD with demographic variables such as age and sex, social variables such as number of households, education, and type of housing, and economic variables such as employment and annual income per capita. From this data, we calculated one value for each ESD for crowding, economic status, and maternal and paternal education level. Crowding was calculated as the average number of adults (> 15 years of age) per room (sleeping and living rooms). Economic status was calculated as the average annual household income. Parental education level was calculated as the percentage of female and male adults (> 15 years of age) who had completed primary school education.
The TB notification data of 1991 were linked with the 1991 ESD data using the geographical information system. The TB case notification rate for each ESD was calculated using the notifications and the population in each ESD. Age specific TB case notification rates were calculated by using the notifications of a specific age group as the numerator and the age specific population as denominator. The TB case notification rates were correlated with crowding, economic status, and maternal and paternal education on the level of each ESD.
Correlations were analysed using Spearman rank correlation coeYcients.
Results

TRENDS OVER TIME: STUDY PERIOD 1985 TO 1994
Case load The total annual case load during the 10 year period varied from 327 to 458 and the annual childhood case load from 125 to 268. The percentage of childhood cases as percentage of the total case load ranged from 37% to 58% (fig 1) . Among all childhood cases, the proportion of children 0-4 years old ranged from 25% to 49% and the proportion of children 5-14 years old ranged from 7% to 12%. The case load showed no steady increase or decrease during the 10 year period.
Childhood morbidity and mortality
From 1985 to 1994, there were 1383 cases of TB in children 0-4 years old and 361 cases in children 5-14 years old, representing 36% and 9% of the total case load, respectively (table  1) . 11 Of the 1744 children with TB, 60 (3.4%) were younger than 1 year old, 587 (33.6%) were 1 year old, 354 (20.3%) 2 years old, 216 (12.4%) 3 years old, 166 (9.5%) 4 years old, 293 (16.8%) 5-9 years old, and 68 (3.9%) 10-14 years old. The number of male and female children suVering from TB was similar.
Of the 1744 children with TB, 1710 (98%) were notified as pulmonary TB (primary complex, hilar adenopathy, progressive primary disease), and 34 (2%) as extrapulmonary TB (9 tuberculous meningitis, 10 pleural eVusion, 5 bone, 4 lymphadenopathy, 1 genitourinary, 1 abdominal, and 4 others). One child died of tuberculous meningitis.
STUDY YEAR: 1991
Age specific TB case notification rate The diVerences in TB case notification rate between the diVerent age groups was striking (fig 2) . The case notification rate of TB in the total population of the two suburbs was 1149/ 100 000 population. In adults (> 15 years old) the case notification rate was 1029/100 000 adults, in children 6-14 years old the case notification rate was 332/100 000 children aged 6-14 years, and in children up to 5 years old Cases 0 to 4 y Cases 5 to 14 y % child cases of new cases 1 9 8 6 1 9 8 7 1 9 8 8 1 9 8 9 1 9 9 0 1 9 9 1 1 9 9 2 1 9 9 3 1 9 9 4 The first column gives the results of this study, the second column shows the results of a study conducted by Kimerling et al.
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the case notification rate was 388/100 000 children aged 0-5 years. Apart from the influence of age on the case notification rate of TB, there was a major geographical variation of the TB case notification rate within the community for each age group. The TB case notification rate in the diVerent ESDs ranged from 0 to 14 062/100 000 in children 0-5 years old, from 0 to 3333/100 000 in children 6-14 years old, and from 0 to 2847/100 000 in adults.
Social and economic risk factors for childhood TB
All the traditional risk factors investigated (crowding, economic status, and education) were significantly related with the TB case notification rate in children 0-5 years old. Parental education (r = −0.60, p = 0.000046) and annual household income (r = −0.64, p = 0.000015) showed the strongest correlation with the case notification rate of childhood TB (fig 3) . The weakest correlation was between crowding and TB case notification rate in young children (r = 0.32, p = 0.046). In the study area the median annual household income in 1991 was 22 600 Rand (1 US$ = 2.7 Rand in 1991), the median number of years adults (> 15 years old) had attended school was eight years, and the mean level of crowding was 1.03 adults per room. The area with the highest TB case notification rate in children 0-5 years old (14 062/100 000 children aged 0-5 years) had a high level of crowding (1.49 adults per room), a low mean annual household income (R4450), and a low parental education level (six years of schooling).
Discussion
EPIDEMIOLOGY OF TB
A striking result of this study is the extremely high TB case notification rate of 3588/ 100 000/year in young children 0-5 years old. This is 3.5 times higher than the case notification rate in adults. Although these are notification rates with the inevitable problem of inaccuracies, we believe that these rates can be useful as an approximation of incidence. An exact picture of the incidence of childhood TB is diYcult because of the diYculties in the diagnosis of childhood TB. Another remarkable finding of this study is the fact that childhood cases make up 46% of all notified TB cases. This percentage is falsely high because in our study all duplicate notifications and retreatment cases were eliminated and only the number of new cases were used to calculate case load. Retreatment cases, which are as infectious as new cases, were ignored even though they contribute to the epidemic and the total case load. In this area, retreatment cases make up 30% of all adult cases and therefore if the total case load includes all notified cases, childhood cases make up 39% of the total case load.
Young children under the age of 5 years are a vulnerable group and can be seen as the virgin population group with a high risk of infection and disease. Because every TB case in a young child is the consequence of a recent infection, this high childhood case load is an indication of continuing transmission of the disease in the community and of partial failure of the TB control programme. 1 Furthermore, the infected and diseased children, if not correctly treated, form a pool from which future adult cases can arise. It is widely believed that in the developed world, apart from HIV driven epidemics, reactivation is the main cause of adult disease, while in the developing world recent infection is a more important factor. DNA fingerprinting studies in the developing world (including the area in this study) have shown that many of the strains of M tuberculosis are unique representing reactivation disease, while less than half of the strains appear in clusters indicating ongoing recent transmission of disease. 12 13 As much as 50% of adult TB worldwide may thus arise from the pool of inadequately treated infected and diseased individuals. The importance of children in the epidemiology of TB should therefore not be underestimated.
Socioeconomic conditions have traditionally been cited as risk factors for developing TB. 14 Several studies have shown a correlation between the rate of infection in households, crowding, and poverty (US), 15 between TB case notification rate, income, and socioeconomic characteristics (Canada), 16 and between prevalence of infection, social, and economic environment (Panama). 17 The case notification rate of childhood TB has been reported to be related to crowding (US), 18 19 income (US), 19 20 rate of unemployment (US), 20 infant mortality (US), 19 and social deprivation (UK). 21 That all three factors studied by us (crowding, economic status, and parental education) were significantly correlated with the case notification rate of TB in children was thus expected. The correlation between maternal literacy and childhood morbidity and mortality is well known. This study confirms this correlation for childhood TB. The mechanism through which socioeconomic disadvantages influence health is complex as all socioeconomic factors are interrelated. Education is important as it determines the economic status of a person (and thus the ability to aVord healthy environments) and their understanding of the disease. The more educated the parent is, the more likely he or she is to seek help when they experience symptoms, potentially resulting in a shorter exposure time of the child to the infectious parent. With a higher education level, the parents are also more likely to understand the importance of screening their children for possible infection with M tuberculosis so that prophylaxis can be given before disease occurs.
CHILDHOOD TB: DIFFERENCES BETWEEN THE DEVELOPING AND DEVELOPED WORLD
The results of our study in a developing country with a high TB case notification rate illustrates major diVerences in the epidemiology of childhood TB when compared to studies recently reported from developed countries.
Firstly, studies in the Bronx, New York 18 showed a significant correlation between the percentage of people living in crowded conditions (more than one person per room) and childhood TB. When this definition of crowding was used in our study, 100% of people live in crowded conditions and therefore no correlation calculations could be made. When the definition was changed and crowding calculated as adult persons per room, a weak correlation between crowding and TB case notification rate in children was found. This might be because there is a "saturation level" for the influence of crowding and once a certain level of crowding is reached, a further increase does not necessarily increase the risk for transmission of M tuberculosis. Another possible explanation is that in an area with a TB epidemic, the spread of TB is dependent on conditions in the whole community and not only on crowding within the household. A second remarkable diVerence is the percentage of childhood cases of the total case load. Percentages for the developed world vary between 2% and 7%, 11 22-24 much lower than the 15% estimation for the developing world in 1990 25 and the 39% in our study population. This could be explained by a diVerence in the population structure, with a higher percentage of young children in the developed world (33% of the population in the studied communities are children 0-14 years old). A higher percentage of children in the population results in a higher number of children per household (average of three in our study population), and thus a higher chance of an infectious parent infecting at least one of the children. In addition transmission of M tuberculosis from an infectious adult to a child and subsequent development of disease may be enhanced by a combination of the high case notification rate of TB and poor socioeconomic circumstances.
A third diVerence is the fact that the percentage of older children (5-14 years old) with TB in this study (21%) is significantly lower when compared to 37% of children in the study from Alabama. 11 The diVerence is even larger when one considers only the children in the age group 10-14 years (3.9% v 21% 11 ), which illustrates the low TB case notification rate in the "favoured age" group of 6-14 years. 26 27 A reason for these diVerences might be that the contact screening in developed countries is not limited to the age group of 0-5 years like in our study but extends to all children.
A last diVerence is the fact that the percentage of extrapulmonary TB in children in the developed world is larger (17.5%
11 v 2%). It is known that as a TB epidemic is overcome, the case notification rate of pulmonary TB decreases faster compared to the case notification rate of extrapulmonary TB. 27 The low percentage of extrapulmonary TB in our study can further be explained by the fact that more than 97% of children have received BCG vaccination, which is known to decrease the percentage of extrapulmonary disease. 28 
IMPLICATIONS FOR TB CONTROL PROGRAMMES
Since the source of infection in every child with TB is an infectious adult, treating smear positive infectious adults is the priority as this is the key to interrupt transmission of TB. This is best achieved by following WHO guidelines until the goal of 85% cure of all new smear positive cases and 60-85% case finding is reached. 29 Active contact tracing and treatment of (smear negative) children only enters at a later stage in the control programme because of its low cost eVectiveness. 25 This is in contrast to the guidelines of the International Union Against Tuberculosis and Lung Disease 30 and the American Academy of Pediatrics 31 where active contact tracing, chemoprophylaxis of asymptomatic children, and treatment of symptomatic children is an integral part of the control programme. As children in this community of a developing country constitute a higher percentage of total cases as compared to communities in the developed world (30% v 2-7%), and knowing that these young children, if not treated, are the reservoir for the adult cases of TB in the next decades, it might be wise to spend part of the budget of the control programme on active contact tracing of children as suggested by the International Union Against Tuberculosis and Lung Disease 30 and the American Academy of Pediatrics. 31 As 80% of children with active TB are aged 0-5 years, costs can be limited by confining the extent of active contact tracing to that age group. This strategy not only creates the opportunity to treat asymptomatic cases of primary TB and prevent serious complications of TB disease, but would also enable chemoprophylaxis to be oVered to recently infected children. The resources spent on this strategy will not have an immediate eVect on the epidemiology of TB in terms of a decrease in the case notification rate of adult disease, but it may help reduce the load of infectious cases in the future. That the impact in the future could be substantial is demonstrated by the fact that DNA fingerprinting analysis suggests that more than half of adult culture proven cases are caused by reactivation of a previous infection, most likely acquired during childhood. 12 It is therefore encouraging that active contact tracing of children up to 5 years old has become part of the new South African national tuberculosis programme (implemented in 1996), even before the WHO goal of a cure rate and case finding rate of 85% has been achieved.
A TB epidemic cannot be controlled by treating only the active cases with antituberculous drugs. In addition, even in low income countries, all national tuberculosis programmes should give attention to chemoprophylaxis of infected children. Apart from the political commitment needed for the implementation of a well managed national TB programme, we believe that to eliminate TB, political commitment is also needed to improve the housing, education, and socioeconomic status of the population.
